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I. INTRODUCTION 
The influence of the size and of the weight of seed on the 
resulting crop has been a subject of investigation for many 
years. The evidence gathered from the literature in this 


field seems to show that large, heavy seeds give the best re- 
turns. A considerable number of investigators find that 


their results are rather conflicting. Dehérain et Dupont 
(4) maintain that it is only when the difference in the 
weights of the seeds used is great, that there is a 
definite advantage in favor of the heavier seed. Meyer, 
C. H. (13) says that the question of advantage in the 
use of large and small seeds as associated with yields is 
inconclusive. Leighty, C. E. (11) condemns the method of 
selecting the largest seed without consideration of the char- 
acter of the mother plant; and Love, H. H. (12) concludes 
from his results that the heavy grains of wheat and oats 
come from the tallest and heaviest yielding plants. Johann- 
sen, W. (9) in his work on inheritance of weight shows 
that, in a population of beans, the heaviest daughter-beans 
*This paper is the thesis, somewhat condensed by the omission of several 


tables, submitted by the author in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 
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are the progeny of the heaviest mother beans, but that in a 
pure line this is not necessarily true. DeVries (5), on the 
other hand, thinks that the size and the weight of seed are 
primarily the result of nutrition, in the broad sense, rather 
than the result of inheritance. 


In so far as specific gravity is concerned, another series 
of experiments has been carried on. Haberlandt, F. (6) 
found in working with wheat, oats, etc., that the denser 
grains yielded the heavier returns in grain, and that the 
less dense ones yielded the greater amount of straw. 
According to Wollny, E. (17) the absolute weight and not 


the specific gravity is the only true index of the value of the 
grain. Clark, V. A. (2) found that, except in the case of 


oil bearing seeds, the larger number of good seeds is near 


the upper limit of the specific gravity for the variety. He 
voncludes, however, that specific gravity is of less import- 


ance than size in seed selection. 
While each of these fields has been investigated by many 
workers, a few have considered the combined effect of size 


and of specific gravity in seed collection. Among the latter 
is Sanborn (16). He sorted wheat according to size and 
then separated the large grain into two groups by the use of 


a brine solution. The yield from his lighter grain surpassed 
that from his heavy grain. Degrully, L. (8) in working 
with corn, discarded all the very small and poorly formed 
grains. He then separated out the lightest one fourth by 
means of a sodium nitrate solution. He states that the dif- 
ference of the results in favor of the heavy grain was 
remarkable. | 


Practically all experiments have been carried on under 
field conditions. They have had for their chief aim the in- 
fluence of specific gravity and of size of seed on crop pro- 
duction. A few tests have been made by Kiesselbach and 
Helm (10) to find the relation of the ‘‘sprout value” to the 
yield of small grain crops. The term “sprout value’ is de- 
fined by the authors as, “The moisture-free weight of the 
maximum plant growth derived from the seed when 
planted and grown in a non-nutritive quartz medium and 
in absolute darkness.” 
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The problem of finding how much growth, due solely to 
the reserve food in the seed, will take place in seedlings from 
seeds separated according to specific gravity and to size has 
not, as yet, been studied. The solution of this problem is 
the object of the experiments here recorded. 


Il. MATERIALS AND METHDOS 


(1) Selection and Separation of the Seed Used. 


The common garden bean because of its ready adapt- 
ability to laboratory conditions was chosen for these ex- 
periments. In the spring of 1919, ten pounds of Burpee’s 
Red Valentine seed of the season of 1918 were divided ac- 
cording to their specific gravity into six groups. This 
separation was made by means of solutions of chemically 
pure sodium nitrate dissolved in distilled water. A prelimi- 
nary test showed that few seed sank in a solution of 1.32 
specific gravity, or floated in one of 1.12. The solutions 
used consequently range from 1.32 to 1.12 specific gravity. 
They were prepared with the use of a Twaddell hydrometer, 
corrected for 60° F., and both seeds and solutions were kept 
at this temperature while testing. The solutions made up 
differed from each other in specific gravity by .05 and, in 
use, were not allowed to vary by more than .005. 


A few seeds were placed in a small tea strainer, dipped 
into 95% alcohol to remove the air film and then transferred 
to a larger strainer immersed in a solution of sodium nitrate 
of 1.32 specific gravity. The seeds which floated were re- 
moved by a second small strainer and they as well as the 
ones which sank were rapidly and thoroughly washed, and 
spread out on towels in a warm room to dry. The ones 
which sank, after drying, were stored in glass jars for 
future use. After all the seeds had been passed through 
the solution of greatest density (1.32 sp. gr.), those 
which floated were taken in a similar manner through the 
solution next lower, solution of 1.27 sp. gr., etc. By this 
method six groups of seeds were obtained. These groups 
are designated in the discussion and in the tables as follows: 


Density 1, seeds which sank in a solution of 1.32 sp. gr.; 


Density 2, seeds which sank in a solution of 1.27 sp. gr.; 
(range from 1.32—through 1.27) ; 
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Density 3, seeds which sank in a solution Of 122 Sp. S05 
(range from 1.27-through 1.22) ; 


Density 4, seeds which sank in a solution Of RI sper; 
(range from 1.22—through 1.17) ; 


Density 5, seeds which sank in a solution of 112) spigr:: 
(range from 1.17-through 1.12) ; 


Density 6, seeds which floated in a solution Of 112 sp. er: 
By this method the seeds were exposed to the solution but a 
few seconds and, as germination and growth tests showed, 
suffered no harm from the process. 


The seeds passed through the successive solutions varied 
in length from 8.3 mm. to 18.5mm. These were divided into 
three groups of the following respective lengths: 


Large seeds, range in millimeters from 18:5 to, 15:1; 
medium seeds, range in millimeters from 15.1 to 11.7; small 
seeds, range in millimeters from 11.7 to 8.3. 


(2) Treatment of Seedlings. 


Twenty-four seeds of each group were individually 
weighed and measured. Twelve were placed in beakers of 
sphagnum, the others were planted, one quarter of an inch 
below the surface of the soil, in small flower pots. In put- 
ting the seeds to germinate, the micropyle end was always 
placed down thereby avoiding unnecessary curving of the 
seedling. The beakers and the pots were kept in covered 
metal cases at a temperature of 20°C during germination. 
When the seedlings in the sphagnum started to put forth 
secondary roots they were transferred to small aspirator 
bottles filled with tap water. This water is essentially a 
nutrient solution as the chemical analysis given by the Illi- 
nois State Water Survey (8) shows. The seedlings were 
held in place by means of fine aluminum wire and by a sup- 
port which was fastened to the neck of the bottle. The bot- 
tles were then placed into the cases where they were left 
until the seedlings were ready for use. The water in the 
bottles was renewed on alternate days. 

When the seedlings were one or two centimeters in 


height, the pots or bottles were placed into rectangular 
metal cases consisting of a lower part fifteen centimeters in 
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height and a tall upper part which fits down over the former 
leaving an air space of one centimeter between the lower 
and upper parts. By this means all light was excluded but 
air exchange was not prevented. These small cases were 
placed in special large constant temperature cases designed 
by Professor Charles F. Hottes. The seedlings were re- 
moved from the cases daily, measured and watered. Dur- 
ing the period of measuring, approximately ten minutes, 
the seedlings were exposed to the light and to the temper- 
ature (20°C) of the laboratory. Seedlings deformed or 
otherwise abnormal were discarded. They were grown in 
series at temperatures 20°, 25° and 30°C. The large seeds, 
of which only a very limited number were on hand, were 
grown at 25°C only. 


All measurements were taken beginning two and one- 
half centimeters above the root origin. If the entire height 
of the shoot is desired, two and one-half centimeters must 
be added to the total height of the shoot as recorded in the 
tables. In those cases in which the cotyledons were not 
opposite, the length of the hypocotyl was measured to the 
insertion of the lower cotyledon. The length of the inter- 
nodes were taken from the lower part of one node to the 
lower part of the next higher or, in the case of the upper 
internode, to the growing point. A centimeter rule was 
used and the measurements were read to the nearest milli- 
meter. From the record of these daily measurements, the 
daily growth increments given in the tables were obtained. 


When a shoot showed no growth since the previous day 
its diameter, one centimeter below the insertion of the coty- 
ledons, was taken by means of a vernier callipers. The 
seedling was then removed from the soil or the water, the 
root was washed, superficially dried, and separated from 
the shoot. Then the fresh weights of root and shoot were 
obtained. These parts were dried to constant weight in an 
electric oven. All weights were read to the fourth decimal 
place. 


The data for the several series are given in *Tables 1 to 
47. Data are given for individual seedlings grown at the 
temperature 25°C; for those grown at 20° and 30°C, the 
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data given consists of averages, taken in most cases from 
eight seedlings. In a few cases, where germination was 
poor, or seedlings were discarded because of abnormality 
or accident, the averages include a smaller number. Meas- 
urements of seedlings were taken to tenths of centimeters, 
but the calculation of averages was made to the third deci- 
mal place and are recorded to the second. 


III. DISCUSSION 

Daily observation of the seedlings made evident a strik- 
ing correlation between the amount and rate of growth and 
the specific gravity and size of the seed. So marked and 
regular is the correlation that it was possible, as a rule, to 
select the seedlings from seeds of certain densities and sizes 
by their general appearance. This was especially true for 
the seedlings from seeds of Densities 2 and 3, for these ap- 
peared more uniform in size and consequently in the rate 
of growth. They were also more sturdy and of a deeper 
yellow color than those from seeds of the lower densities. 
Now and then a group from Density 4 would be mistaken for 
those of the higher densities. This is apparently in agree- 
ment with the results that Degrully (3) obtained in his 
work with wheat. He found that the plants from the den- 
ser grains were greener, more vigorous, and, during their 
early growth, showed a great superiority over those from 
the less dense grains. Because of heavy rains, his plants of 
both groups suffered greatly from rust and he was unable 
to make comparisons of the final growth. A study of the 
data as recorded in the tables shows that the differences 
noted in the seedlings are not differences of appearance 
only. 


Because seedlings from seeds of all sizes and densities 
were grown at 25°C the *Tables 1 to 17 and 21 to 36 have 
the data given for individual seedlings. A comparison of 
individuals is not undertaken because that would lead to 
a study of individual variation. In order to show the su- 
periority of some groups over others, the groups will be 
compared in respect to their average, maximum and mini- 
mum values. Because of differences between the seedlings 
grown in water and those grown in soil each culture will be 
studied separately. 
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1. Relation of Growth to Specific Gravity 
of Seeds at 25°C. 

a. Water Culture. 

Size —A comparison of average values for the seedlings 
grown in water, at temperature 25°C can be most readily 
obtained by a study of Tables 18 to 20; for the maximum 
and minimum values, *Tables 1 to 17. 


An examination of the average values for the heights of 
the shoots shows that the greatest and second greatest aver- 
age heights of seedlings from seeds of each of the three 
size groups are for seedlings from seeds of Density 1, 2 or 
3. These average heights are graphically shown in Plate 
I. In the hypocotyl and first internode no correlation be- 
tween average length and specific gravity of seed is ap- 
parent, but a direct relation does exist between these fac- 
tors in the second and third internodes, in that, the lower 
the density of the seed, the shorter the internodes. Fourth 
internodes developed only in seedlings from seeds of Den- 
sities 1 and 3. There is also a direct relation between aver- 
age diameter of seedlings and specific gravity of the seeds; 
the seedlings from the denser seeds are larger in average 
diameter than those from the less dense. 


In studying the maximum and minimum values of seed- 
lings from seeds of the several densities, *Tables 1 to 17 
are used. For the small seeds, the greatest shoot height is 
that of a seedling from a seed of Density 5. The second 
in height is from a seed of Density 3. For the medium 
seeds, the three tallest seedlings of the series are from seeds 
of Density 3. The two tallest seedlings from the large seeds 
are of seeds of Density 2, the third tallest, from a seed of 
Density 3. 


As in the case of the average length of hypocotyls and 
first internodes so here, there exists no definite relation 
between maximum lengths of seedlings of the different 
groups and specific gravity of seed. In the second and third 
internodes, the maximum lengths for the several series are 
in every case, in seedlings from seeds of one of the three 
highest densities. There is a marked difference between 
the maximum lengths of these internodes in the seedlings 
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from seeds of the higher and lower densities. While in 
average values, the diameter of the shoot varied with the 
density, this does not hold true for the maximum values. 


With but few exceptions the minimum values for shoot 
height and diameter are found in seedlings from seeds of 
Density 5 or 6, usually the latter. 


From these comparisons we may conclude that, for seed- 
lings grown in water at a temperature of 25°C. 


(1) The greatest height and diameter of shoot are 
found in seedlings from seeds of Densities 1, 2 and 3; in 
Density 2 or 3 more often than in 1; 


(2) The lower the density, the shorter the second and 
third internodes. 


Weight.—That weight is related to density is clearly 
seen from a study of the tables. The average weight values 
are considered in Tables 18 to 20. In the case of the fresh 
weights of roots, shoots and plants for seedlings from the 
large and the small seeds, the three greatest average 
weights for each size group are found in the seedlings of 
the three highest densities. For the medium seeds, the 
highest average fresh root weight is in the seedlings from 
seeds of Density 4, but the second highest is in those of 
Density 1. The highest average values for fresh shoot 
and fresh plant weights for the seedlings from these med- 
ium seeds are in those of the three highest densities as was 
the case for the seedlings from the small and large seeds. 


The maximum fresh root weight for the small seeds is 
found in a seedling from a seed of Density 3; for the med- 
ium seeds from a seed of Density 4; and for the large seeds, 
from a seed of Density 2. The maximum fresh shoot weight 
for the small seeds is that of a seedling from a seed of Den- 
sity 1; for medium seeds, of Density 1; for large seeds, of 
Density 3. The maximum fresh plant weights for seedlings 
from the small and the medium seeds are for those from 
seeds of Density 1; for the large seeds, for one from a seed 
of Density 2. The minimum fresh weights are usually the 
weights for seedlings from seeds of Density 5 or 6. 


A better idea of the actual amount of growth can be ob- 
tained from the dry weights than from the fresh weights. 
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For the seedlings from seeds of each size group, the three 
highest average dry weights for roots, for shoots and for 
plants, are in the seedlings from seeds of the three highest 
densities. These average weights, however, do not vary 
directly as the densities, for the highest value is sometimes 
in seedlings from seeds of Density 3, sometimes in those 
from seeds of Density 1 or 2. Plate II represents the aver- 
age dry weights for the seedlings of each group. 


The maximum dry root weights for seedlings from the 
small, the medium and the large seeds are in seedlings from 
seeds of Densities 3, 1 and 2 respectively. The maximum 
dry shoot weights, and also the maximum dry plant 
weights are for seedlings from seeds of Density 1, for those _ 
from the small and the medium seeds, and Density 2 for 
those from large seeds. The minimum dry weights are, 
as a rule, in seedlings from seeds of Densities 5 and 6. 


From these facts we may conclude: 


(1) That, with the exception of the roots from the 
medium seeds, the greatest fresh weights are in seedlings 
from seeds of the three highest densities. 


(2) The greatest dry weights are also in seedlings 
from seeds of the three highest densities. 


Comparison of Weights.—There is little correlation be- 
tween the relation of dry to fresh weight and the specific 
gravity of the seeds. It is apparent, however, that in the 
seedlings from seeds of Density 3 the average percentage 
which the dry weights of root, shoot and plant is of the 
fresh weights of the corresponding members is as great, 
sometimes greater, than that of any other density. 


The average percentage which the dry plant weight is of 
the seed weight is always higher for the seedlings of seeds 
of Density 6 than for those from seeds of Density 1; in 
most cases it is also higher than for those from seed of 
Density 3. This higher percentage shows that although 
in size and weight the seedlings from the seeds of Density 6 
are inferior to those of other densities, the seedlings from 
seeds of Density 6 appear to make the best use of the re- 
serve food in the seed. 
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Rate of Growth—Not only is the amount of growth 
related to the specific gravity of the seed but there also 
exists a relation between the rate of growth and the spe- 
cific gravity of seed. Considering the rate of growth as 
shown by the daily growth increments we find that, in gen- 
eral, seedlings from seeds of the higher densities have a 
greater growth rate than those from seeds of the lower 
densities. The greatest average daily increment for the 
small seeds, 5.8 cm, was made on the second day after be- 
ing placed in the constant temperature case by the seed- 
lings from seeds of Density 6. For the medium seeds, the 
greatest average daily increment, 7.63 cm, was made on 
the second day by seedlings from seed of Density 3; and 
for the large seeds, an average daily growth of 6.85 cm 
was made on the third day by seedlings from seeds of Den- 
sity 1. The maximum daily growth increment of the seed- 
lings from small seeds is 7 cm, made on the second day by 
a seedling from a seed of Density 3; the maximum for the 
medium seeds is 9.3 cm, made on the second day by a seed- 
ling also from a seed of Density 3. For the large seeds, the 
maximum increment 7.7 cm was made on the third day by 
a seedling from a seed of Density 2. The average rate 
of growth often decreases more rapidly in the seedlings 
from seeds of the lower densities and although the total 
height of the seedlings from these densities is less than 
that for those from the denser seeds, growth usually con- 
tinues for as many days as in seedlings from the seeds of 
higher densities. 


b. Soil Culture. 


The data for seedlings grown in soil at temperature 25°C 
is given in Tables 21 to 40. Tables *21 to 36 contain the 
records of the individual seedlings while the average values; 
are shown in Tables 38 to 40. Because of the limited num- 
ber of large seeds of Densities 1 and 6 none were grown 
in soil. 

Size——Proceeding as in the discussion of the seedlings 
grown in water, we find the greatest average shoot heights 
for the small, the medium and the large seeds respectively, 
are for seedlings from seeds of Densities 1, 3 and 3. The 
highest shoot from the small seeds is that of a seedling 
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from seed of Density 4, the second highest, of Density 1; 
the two highest for the medium seeds are from seeds of 
Density 3; the highest for the large seeds is from Density 
2 while the second highest is from Density 3. The mini- 
mum value for each size group is in a seedling from seed 
of the lowest density. 


No correlation exists between density and average and 
maximum length of hypocotyl and first internode. The 
lengths of the second and third internodes vary as the 
density of the seeds. No seedlings grown in soil developed 
a fourth internode. As to the diameter, we find the aver- 
age size varies as the density of the seed; the maximum 
values are also in the diameters of the seedlings from seeds 
of the higher densities. 


In so far as size of seedlings is concerned, the results 
agree in general with those for water grown seedlings,— 


(1) The greatest height and diameter of shoot is found 
in seedlings from the seeds of Densities 1, 2 and 3. More 
often in seedlings from Densities 2 or 3 than Density 1. 


(2) The length of the second and third internodes vary 
as the density of the seed. 


Weight.—There is more variation in the fresh weight 
of soil-grown seedlings than in those grown in water. This 
is especially true in the root weight. In the roots of seed- 
lings from small seeds the greatest average and maximum 
weights are for those from the higher densities and the 
minimum weights are in those of lower densities, but no 
general relation seems to exist between fresh root weight 
and specific gravity for seedlings from the medium and 
large seeds. 


In the fresh shoot weights we have the greatest average 
weights for the small, the medium and the jarge seeds in 
those from seeds of Densities 1, 2 and 3 respectively. The 
maximum fresh weight for each size group is in a seedling 
from a seed of Density 3 while the minimum weights are in 
those from Densities 5 or 6, usually 6. In the fresh plant 
weights we find the same order as in the shoot weights 
the greatest average weights for small, medium and large 
seeds are in seedlings from seeds of Densities 1, 2 and 3 
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respectively; while the maximum weight for each group 
is in a seedling from a seed of Density 3; the minimum 
weights are in those of Density 5 or 6, usually 6. 


In the dry weights we find a definite relation between 
density and weight. This correlation with plant weight is 
graphically represented in Plate III. Without exception 
the highest average and maximum weights for each size 
group are in the seedlings from seeds of Densities 1, 2 or 
3. This statement holds true for dry weights of root, 
shoot and plant. Moreover, the second highest average 
and maximum weights are in most cases also in seedlings 
from seeds of these higher densities. The lowest average 
and minimum weights are for seedlings from seeds of the 
lower densities. 


Comparison of Weights.—The facts pointed out for seed- 
lings grown in water with respect to correlation between 
dry and fresh weights and specific gravity of seed hold 
true for those grown in soil. The seedlings from seeds 
of Density 6 appear to lead in making the best use of their 
reserve food as was the case in the water culture. 


Rate of Growth—A study of the daily growth incre- 
ments also points to a superiority of the seedlings from 
the denser seeds. In the case of average daily increments 
(Tables 37-39) we find the greatest average increment for 
the small seeds is 7.56 cm on the third day for seedlings 
from seed of Density 1; for medium seeds, 8.9 em on the 
second day by those from seeds of Density 3; for large 
seeds, 7.67 cm on the second day by those from seeds 
of Density 1. From *Tables 21-36 we obtain as maximum 
daily increments, for small seeds, 8.5 em on the third day 
by a seedling from a seed of Density 1; for medium seeds, 
10 cm on the second day by two seedlings from the seeds 
of Density 5 and one from those of Density 3; for the large 
seeds, 10.1 cm on the second day by a seedling from seed 
of Density 1. 


Summing up the results from the data for seedlings 
grown in water and in soil at 25°C we find the following 
relations exist between specific gravity and growth: 
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(1) The greatest height and diameter of shoot are 
found in the seedlings grown from seeds of the three high- 
est densities ; 


(2) The higher the density of the seed, the longer the 
second and third internodes; 


(3) Asa rule, the seedlings from the denser seeds have 
the highest fresh weight; 


(4) The greatest dry weight is always found in seed- 
lings from seeds of the three highest densities; 


(5) The seedlings from the higher densities show, on 
the whole, a greater rate of growth than do those from 
seeds of the lower densities. 


2. Relation of Growth to Size of Seed, at 25°C. 


Size.—That a definite relation exists between size of 
seed and amount and rate of growth is shown beyond a 
doubt by the results of these experiments. For both water 
and soil cultures the seedlings from small seeds are smaller 
than those from medium and large seeds in height and 
in diameter of shoot. This fact in regard to shoot height 
is clearly shown in Plates I and III. From these plates we 
see that the seedlings from small seeds are not only shorter 
than those from medium seeds of the same density but the 
seedlings from the small seeds of the highest density are 
shorter than those from the medium seeds of the lowest 
densities. Both the numerical data and these plates show 
that there is less difference in height between the seed- 
lings from medium and large seeds than there is between 
those from medium and small seeds. The average heights 
for seedlings from the medium seeds from Densities 3 and 
5 (Table 19) are greater than those from the large seeds 
(Table 20) of the same densities. The maximum heights 
for seedlings of Densities 1, 3 and 5 are also greater than 
the maximum heights for the large seeds of the same den- 
sities. 

There is a greater difference between the diameters of 
the seedlings from small and medium seeds than between 
those from medium and large seeds. The lengths, both 
average and maximum, of the hypocotyls in seedlings trom 
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the medium seeds are greater than those of the small or 
large seeds. There is little difference in the case of soil 
grown seedlings in the hypocotyl lengths of seedlings from 
small and large seeds. There is less difference between the 
length of the second and third internodes of seedlings from 
medium and large seeds than between those from medium 
and small of the same density. 


Weight—From the data given for fresh root weight 
(Tables 18 to 20) for water culture, we find that the aver- 
age weight for seedlings from the small seeds of Density 
3 is greater than that of those from the medium or large 
seeds of like density. The average weight for seedlings 
from small seeds of Density 2 is greater than that of those 
from the medium seeds of this density. Again, the aver- 
age weight for seedlings from medium seeds of Densities 
4 and 5 is greater than that of those from large seeds of 
these respective densities. The fresh weights for shoots 
and plants vary, for equal densities, &s the size of the seeds. 


The dry weights for seedlings grown in water also show 
a relation to size of seed. In the roots of seedlings, those 
from the small seeds of Density 3 nearly equal in average, 
minimum and maximum dry weights the roots from med- 
ium seeds of equal density. As between medium and large 
seeds, seedlings from medium seeds of Density 4 surpass 
those from the large seeds in minimum and average 
weight; and seedlings from medium seeds of Density 5 sur- 
pass those from large seeds in average and maximum dry 
root weight. In general, however, the weights of seedlings 
grown in water from seeds of equal densities vary as the 
size of the seed. The comparison of average dry plant 
weight is given graphically in Plate II. 


Turning now to the data for average values in soil grown 
seedlings (Tables 37 to 39) we find that, except for the 
average weights of seedlings from medium seeds of Density 
2, all average fresh weights vary as the size of the seeds 
provided they are equal in density. In the exception just 
cited the average weights for seedlings from medium seeds 
is greater than that for those of the larger seed in the case 
of root, shoot and plant weights. With but one exception, 
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again in Density 2, all dry root, shoot and plant weights 
vary as the size of the seeds provided we compare seed- 
lings from seeds of the same density. Plate IV represents 
the average dry plant weights for soil grown seedlings. 


Comparison of Weights.—In general, the percentage 
which the dry weight of shoot and plant is of the fresh 
weight of like member is greater for seedlings from the 
large seeds than from the medium or the small seeds. The 
percentage which the dry plant weight is of the seed weight © 
is also higher for seedlings from the large seeds than from 
the medium or small seeds. - 


Rate of Growth.—That the rate of growth is also influ- 
enced by the size of the seed is shown by the daily growth 
increments. For water culture seedlings the average daily 
increments (Tables 18 to 20) on the second and third day 
are greater for the seedlings from medium seeds than for 
those of either small or large seeds of like density. The 
greatest average daily increments, except in seedlings from 
large seeds of Densities 1 and 2, are found in the seedlings 
from the medium seeds. The maximum daily increment 
occurs on the second day in seedlings from the small and 
the medium seeds but not until the third day for those from 
the large seeds. The same superiority in the rate of growth 
for seedlings from the medium seeds grown in soil is seen 
from Tables 37 to 39. | 


In so far as amount and rate of growth are influenced 
by the size of the seed, we find: 


(1) The amount of growth varies with the size of the 
seed ; 


(2) There is more variation in amount of growth be- 
tween small and medium seeds than between medium and 
large seeds; 


(3) The rate of growth of seedlings from medium seeds 
is greater than that for those of small or large seeds of 
equal density. 


3. Temperature in Relation to Specific Gravity 
and Size of Seed. 
It is not the intention to discuss in detail growth at 
20° and 30°C, but rather to determine whether conclusions 


17 


drawn for temperature 25° may be applied to seedlings 
from similar seeds grown at 20° and 30°C respectively. 
Because of the limited number of large seeds no data is 
available save at 25°C. The discussion will be confined to 
a consideration of average values. The data for seedlings 
grown at 20°C are found in *Tables 40 to 43, that for those 
grown at 30°C in *Tables 44 to 47. 

a. Growth as Related to Specific Gravity. 

A study of the above tables shows that with but few ex- 
ceptions the conclusions drawn for the relation of growth 
to the specific gravity of the seed, for temperature 25°C are 
also true for temperatures 20° and 30°C. At 25°C there 
was no correlation evident between length of hypocotyl 
and specific gravity of seed; at 20°, however, the greatest 
average length of hypocotyl in seedlings grown in soil ap- 
pear in those of Densities 1, 2 and 3. 

At 25°C, the percentage of the dry plant weight to the 
seed weight is higher for seedlings from seeds of Density 
6 than for those from seeds of Densities 1 and 2. At 20°C, 
this is true only for seedlings grown in water, and at 30°C, 
it applies solely to seedlings from medium seeds grown in 
water. 

b. Growth as Related to Size of Seed. 

The seedlings grown at 30°C show the same correlation 
between growth and size of seed as is shown by thuse grown 
at 25°C. For the seedlings grown at 20°C, however, the 
following points of difference seem evident: 

(1) The average heights and average weights of seed- 
lings from small seeds are more nearly equal to the similar 
average values of seedlings from medium seeds of like 
densities, at 20°C than at 25°C. In a few cases the average ~ 
values for seedlings from small seeds exceed those for 
seedlings from medium seeds. 

(2) From the total dry weight it may be inferred that 
at 20°C the seedlings from small seeds use their reserve 
material to better advantage than those from the medium 
seeds. 

(3) At 20°C, the greater rate of growth is shown by 
seedlings from the small seeds. 
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4. Some Comparisons of Seedlings Grown in 
Water and Soil. 


a. Water Content.—The relation of the dry weights to 
the fresh weights shows a difference in the relative water 
content of seedlings from seeds of equal size and density 
grown in water and soil. The percentage of the dry root 
weight to the fresh root weight is greater for the seedlings 
grown in soil; that of the dry shoot and plant weights to the 
fresh shoot and plant weight is greater for those grown in 
water. 


The stems of the seedlings grown in soil were brittle 
while those grown in water could be coiled without 
breaking. 


b. Roots.—The root system of the seedlings grown in 
soil was very much larger than that of seedlings grown in 
water. In the majority of the soil culture seedlings the 
primary root soon ceased to elongate and the main part of 
the root system consisted of several long, lateral roots aris- 
ing from near the base of the main root. In the seedlings 
grown in water the primary root, although comparatively 
short, was the main part of the root system. Several short 
lateral roots developed near the base of the root and also 
lower down on the primary root. 


5. Hquation of Growth. 


A study of the tables here recorded shows that the equa- 
tion of growth given by Blackman, V. H. (1) does not apply 
to seedlings grown in the dark. In the case of each seed- 
ling grown under the conditions of these experiments the 
final dry weight is much less than the initial dry weight of 
the seed. This would mean, if Blackman’s equation held 
true, that there had been no growth in these seedlings. 


6. Correlation of Weight and Position of Cotyledons. 


Harris (6), in an article on Interrelationships in Phaseo- 
lus, states that the green and dry weights of the primordial 
and first compound leaves of plants whose cotyledons are 
not inserted at the same level of the axis are less than those 
of normal plants. No such correlation exists for the fresh 
and dry weights of the seedlings recorded here. Numerous 
examples of this “abnormality” as Harris calls it, occurred 
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but no account was taken of them unless the difference in 
level was at least 2mm; in some exceptional cases it was as 
much as 18mm. That no such correlation exists in these 
seedlings is shown by a comparison of the root, shoot, and 
plant weights of an abnormal seedling with the corres- 
ponding average weights of the group to which it belongs. 
Such a comparison shows that the weights of the seedling 
are sometimes above and sometimes below the average 
weights. 
7. Quintile Distributions. 

An article by Pearl and Surface (14) on “Growth and 
Variation in Maize’’ states, on page 120, ‘There is, then, a 
marked tendency for the plants which were relatively small 
at the beginning of the season to have remained, on the 
average, relatively small throughout most of the season.” 
Or, to quote further (page 170), “Extreme variants at the 
beginning of the season tend strongly, on the whole, to re- 
main extreme variants during the whole season.” This 
tendency is said to be due to the effect of internal rather 
than to external stimuli. 


Reed, (15) in studying growth and variability in Helian- 
thus, follows the method of argument of Pearl and Surface 
and concludes that, “Plants which started in a given quar- 
tile showed a well-marked tendency to remain in that quar- 
tile during the entire grand period of growth. Plants which 
were small at maturity were generally small from the be- 
ginning, those which were large at maturity had a well- 
marked superiority from the start.” He, too, thinks plants 
show this tendency because of inherent factors. 


In order to determine whether the seedlings used in the 
present experiments revealed similar traits the data for all 
seedlings which were grown in water and which were 
placed in the 25°C temperature case on the sixth day after 
placing them to germinate, were collected. A group of 
75 seedlings containing individuals from seeds of all den- 
sities and sizes was thus obtained. The heights of these 
seedlings on each successive day and the density and size 
of the seeds from which each grew are given in *Table 49. 


*It has been found necessary in the publication of these experiments to omit 
Tables 1-17, 21-36, 40-49. These tables can be found in the original thesis at the 
Library of the University of Illinois. 
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The seedlings are arranged and numbered according to 
their size on the first day, that is, on the day they were 
placed in the constant temperature case and six days after 
planting. Following the method given in the articles cited, 
these 75 seedlings are arranged in five groups, or quintiles, 
according to their size on the first day. In order to avoid 
having seedlings of the same size fall in two different quin- 
tiles, the number of plants in the quintiles varies. Thus, 
Quintile I contains the 15 smallest seedlings on each day 
of measurement. Quintile II contains the 16 next larger; 
Quintile III, the 17 next larger; Quintile IV, the 12 next; 
and Quintile V, the 15 largest ones. The number of seed- 
lings in the respective quintiles was maintained during 
the growth period. In but two cases, after the initial dis- 
tribution, did two seedlings fall on the separating line of 
contiguous quintiles. In these cases one of the seedlings 
was arbitrarily placed in the next highest quintile. The 
quintile distribution for each successive day for seedlings 
starting in the several quintiles is given in Tables 50 to 
54. These tables give the total number of distributions, 
excluding those of the first day, when, of course, all distri- 
butions were in the particular quintile to which the seed- 
lings were originally assigned, and also the mean quintile 
position for each day. A study of the tables shows that by 
the sixth day only 3 of the 15 seedlings which started in 
Quintile I are still in this quintile and by the tenth day only 
2 remain. Three of the 15 reach Quintile V by the ninth 
day. Out of the total of 165 distributions only 42, or 25.5% 
are in Quintile I. The mean quintile position for these 
seedlings changes from 1 on the initial day to 3 on the 
eleventh and twelfth days. This final mean quintile posi- 
tion is above the general mean, which owing to the differ- 
ence in the number of seedlings in the several quintiles is 
2.95. Only 18.8% of the total number of distributions for 
seedlings starting in Quintile II fall in this quintile. For 
Quintile III the per cent is 20.9; for Quintile IV, it is 25; 
and for Quintile V, 25.5. The mean quintile position for 
seedlings starting in Quintile V drops from 5 on the first 
day to 2.87 on the ninth day. The curves for the mean 
quintile positions on the successive days are plotted in Plate 
V. Asis to be expected where the variation can be in either 
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of two directions, there is a smaller shifting of the mean 
quintile positions in the intermediate quintiles than in 
Quintiles I and V. From the preceding facts it appears 
that seedlings which are small at first frequently surpass 
in growth, larger ones of equal age. 


Let us consider now the specific gravity and the size of 
the seeds from which these 75 seedlings grew. Of the 15 
seedlings which started as the smallest, Quintile I, (Table 
50), 7 are from small seeds, 1 from a medium and 7 from 
large seeds. The 2 seedlings which remain in Quintile I on 
the last day are from small seeds, the 4 in Quintile II are 
likewise from small seeds. The seventh seedling from small 
seeds which started in Quintile I is from a seed of Density 
3 and is the smallest seedling of Quintile III. Of the 3 
seedlings which, starting in Quintile I, reach Quintile V, all 
are from large seeds; the 2 largest in this case, are from 
seeds of Density 3, the third from a seed of Density 5. The 2 
seedlings in Quintile IV are also from large seeds. The seed- 
ling from the medium seeds is in Quintile III. Of the 16 
seedlings which start in Quintile II (Table 51), 10 are 
from small, 5 from medium and 1 from large seeds. The 
6 seedlings which fall back into Quintile I are all from 
small seeds. The 1 which reaches Quintile IV is from a 
large seed. In Quintile III, (Table 52), 7 of the original 
17 are from small, 8 are from medium and 2 from large 
seeds. The 3 seedlings which, starting in Quintile III re- 
cede to Quintile I, are from small seeds. The 4 ending in 
Quintile II are also from small seeds. Of the 5 which end 
in Quintile V, 1 is from a large seed, the other 4 from med- 
ium seeds. The second seedling from large seeds starting 
in Quintile III falls just below Quintile V. All of the seed- 
lings which start in Quintile IV (Table 53) are from med- 
ium seeds. Of the 5 which reach Quintile V, 2 are from 
seeds of Density 1 and 3 from those of Density 3. Ten of 
the 15 seedlings which start in Quintile V, (Table 54), are 
from medium seeds, the other 5 are from small seeds. On 
the last day, 3 of those from small seeds are the seedlings 
in Quintile I, the other 2 are in Quintile II. Of those which 
remain in Quintile V, 1 is from a medium seed of Density 
1, the other is from a medium seed of Density 3. 
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Out of the 75 seedlings in the group in question, 29 are 
from small, 36 from medium and 10 from large seeds. Of 
the 29 seedlings from small seeds, regardless of their posi- 
tion on the first day, 14 are in Quintile I, 14 are in Quintile 
II and 1 is in Quintile III on the last day. The final distri- 
bution of the seedlings from the large seeds is 4 in Quin- 
tile V, 4 in Quintile IV and 2 in Quintile III. From the 
foregoing statements the following conclusions seem 
justified : 


(1) Seedlings which are small at first frequently sur- 
pass in growth, larger ones of equal age; 


(2) The size and specific gravity of the seeds, chiefly 
the former, are more definitely correlated with growth 
than is the initial height of seedlings of the same age. 


SUMMARY 


Common garden bean seed was separated into 6 groups 
of different densities by the use of sodium nitrate of 1.32, 
1.27, 1.22, 1.17, and 1.12 specific gravity. The seeds of each 
of the densities were then grouped according to length into 
small, medium and large. 


Seedlings from seeds of each size and density were grown 
in the dark at 25°C. Seedlings from small and medium 
seeds of each density were also grown in the dark at 20° 
ang 0c. 

Daily measurements were taken and from this data the 
daily growth increments were determined. When growth 
ceased both the fresh and the dry weight of the seedling 
was obtained. 


A study of the results made evident that: 


(1) Seedlings grown from seeds of 1.32, 1.27, 1.22, 
1.17, 1.12 and 1.12~—specific gravity differ in amount and 
rate of growth. 


(2) The greatest height and diameter of shoot, also the 
greatest dry weight, for seedlings from seeds of uniform 
size is found in those grown from seeds of 1.22, 1.27 and 
1.32 specific gravity, seeds of 1.22 or 1.27 usually ranking 
first. 
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(3) The greatest fresh weight is, in general, found in 
seedlings grown from seeds of 1.32, 1.27 and 1.22 specific 
gravity. 


(4) The lower and specific gravity of the seed, the 
shorter the second and third internodes of the seedlings 
from seeds of equal size. 


(5) The greatest rate of growth, for seedlings from 
seeds of uniform size, is usually found in seedlings from 
seeds of 1.32, 1.27 or 1.22 specific gravity. 


(6) From the total dry weight it may be inferred that 
at 25°C the seedlings from seeds of Density 6 use their re- 
served material to the best advantage. 


(7) Seedlings grown from small, medium and large 
seeds differ in amount and rate of growth. 


(8) ' The total amount of growth varies directly with 
the length of the seed. 


(9) Size and weight of seedlings from seeds of uni- 
form specific gravity show a wider variation (more espec- 
_lally at 25°C) between those from small and medium seeds 
than between the ones from medium and large. 


(10) Seedlings from seeds of medium length show a 
greater growth rate than seedlings from either small or 
large seeds of equal specific gravity. 


(11) From the total dry weight it may be inferred that, 
except at 20°C, seedlings from the large and medium seeds 
use their reserve material to better advantage than those 
from small seeds. 


(12) Seedlings grown in water contain a smaller per 
cent of water than those from seeds of the same specific 
gravity and size grown in soil. They are also less brittle. 


(18) The root system of seedlings grown in soil is 
larger than that of seedlings grown in water. 


(14) The growth equation of Blackman does not apply 
to seedlings grown in the dark. 


(15) A difference in level in the insertion of the coty- 
ledons on the axis is not correlated with the fresh and dry 
weights of either root, shoot or plant. 
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(16) Seedlings which are small at first frequently sur- 


pass in growth larger ones of equal age. 


(17) The size and specific gravity of the seeds are more 


definitely correlated with growth than is the initial height 
of seedlings of the same age. 


The author wishes to thank Professor Charles F. Hottes, 


not only for suggesting the problem, but also for his kindly 
criticisms and helpful suggestions during the progress of 


the work. 
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TABLE 18. 
Series A WATER CULTURE SMALL SEEDS 
Temperature 25° C 
Den- Average Daily Growth Increments in Centimeters 


sity IH 1 2 3 4 & 6 7 8 9 a) Wall TH 


HYPOCOTYL 
1 1°83 1-62%3.90 3.30. .43  .01 11.09 
2 1.85 4.05 4.47 1.53 .21 12.11 
3 1529) 3-59) (4:12 1,45 20 10.65 
4 Ana Od 4.700 12caS 30) 0s 10.95 
5 1.50 2.17 4.17 2.56 Tale aGl 11.23 
6 1167-45) MEISE NRPS Y ep-ta-7/ sone OZ 12.17 
FIRST INTERNODE 
1 AOA MGs ons oatmeal OO) iSO ed Ole Od 11.15 
2 SAO Nati S47 OSime 94. lone 256 19 01 11.95 
3 SOO One ae vor OUN Mes SO) Lao mle LOn eke, 11.75 
4 Sao Omens as.9Os edd OOl, Dot. .2oce Ol 11.84 
5 PAM ee OO Mal Samaroo GO nea. ere e003: 10.11 
6 POO EOS or oUs acoso loom OU aon | 30n 10.37 
SECOND INTERNODE 
a a Ae Oren Oo elim 4d Ob Someone 0S ae ODlmuel On: 
2 OAM DOD elon wu s20) nue eolre ut Odiealer Oil .94 
3) SO soe OGL) slizh sone, -c0nmrsO0S) ) 0S) ye sOkenot LO) 
4 SOStan eh Ors OST) Olas A Glink Ole tel Sie nc 02 91 
5 AO Sie Orton WesOSs mid Gums 7) toad Omen t Shen Oakey dO 
6 TICs gat} 02 ~=«.08 08 05 48 
THIRD INTERNODE 
1 sO Ot OD ae On .08 
2 [Ole Odsere0e .06 
3] 01 SOS pees Ot 01 06 
4 (HE Ee tn .06 
5 01 .03 04 
6 02 -02 
SHOOT 
1 ARO somo VAIO segs: oo) fe Ole «8S. soO Ww vem im es0e Ob g 23297, 
2 eee Anaomioe eo: 401044 04a 2. 9SN ti GOh 77) 50) wad 01 25.06 
3 de ZO SRO OMAR Sia Ooh Aho eco ea ere ese MOSH eOsn (003: v23.56 
4 IEA 2c a0 Orla) S299" 4236) 322451576 369) > 2450. 240-04 23.78 
5 teOUm erate n onsale S060, oe14> tea) —.O0)) o.a29) neede ede. 0d) 22.40 
6 leo arOoM NOON oevolosi4 2he0r dead. 9258) )ie2an 008 23.00 
Average Av- 
Wt. & Length Average Fresh Average Dry Weight erage 
(gram) (mm) Weight in grams of In grams of Diam. 
of Seed Root Shoot Plant Root Shoot Plant (mm) 
1 . 2666 10.7 .3269 1.3800 1.7069 .0170 .1010 .1180 2.6 
2 .2581 10.8 .3318 1.3084 1.6402 .0184 .0941 .1125 PRY 
3 aEYI 10.8 . 3648 1.3596 1.7244 . 0196 . 0992 .1188 2070 
4 . 2526 10.4 .3197 1.2845 1.6042 . 0164 .0931 -1095 2.6 
Ih .2227 10.5 . 3024 1.1356 1.4380 . 0157 . 0839 . 0996 225 
6 ma ba bs 10.1 .2212 -9623 1.1835 . 0124 . 0657 .0781 PAB: 


IH—Height when placed in temperature case. TH—Total height. 
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MEDIUM SEEDS 


TH 


06 


34.81 
32.25 
35.10 
27.83 
32.29 
31.80 


Av- 


Diam. 


Plant (mm) 


3.1 


TABLE 19. 
Series B WATER CULTURE 
Temperature 25°C 
Den- Average Daily Growth Increments in Centimeters 
sity IH; 1 2 3 4 5 6 7 8 9 10) Ado 42 
HYPOCOTYL 
1 1.94 4.32 5.35 1:84 .10 
2 2.25 4.60 4.58 2.14 .07 
3 41:84 5.50) 6.33) 1.34. 205 
4. A 86): 4.210 1524 94" 09 
Dds 25100 46)-59o 03.440 Siar 60 0G 
6 184 35a) O.Adia.O0G) i. Oden ola 
FIRST INTERNODE 
1 744 8452099) Ao 2 Dae Gen lel G 
2 AQ G BOG 2029) 4G Seb sh OOl code clo 
2) 4A A287 2390 (4.505) ee 22o1 e940 OG) 2020 5202 
4 SOL A 10 a4 a Gy loose 0on) 20) 00 
LF coo OL SL8L 14167467 92645297. 234.06 F201 
6 SAB yee Aye ale sp eubyeey Bes iotie alah Say an eae ait 
SECOND INTERNODE 
1 SLO ole a Olas SOea OS mer tl Ome od OOo 
2 (06) SAS 2s ashe Aso 3 oan nO 
3 104 166205), 366 2.239184) dei4 42 06). 01 
4 VASini ch Aten OMe Ota a OO ren Sin ea OMe ol sms OS 
5 SOL e040 a tomes Olina Dine oO asco) iLO 
6 SOdobs PROOT 24 oe AO ATi 46.49) 2407) 006 
THIRD INTERNODE 
1 sili re eet, eaalbyiee sae sats cus 
2 0400-165 208 
33 Ste On eGo OSs .OD 
4 05), =08, 105: 203 
5 .04 .01 .04 
6 SOS oO AOL 0S a 0d sors OW 
FOURTH INTERNODE 
3 05> 201 
SHOOT 
190945 14.576. 6-19): 4597 VAL bo Se44edidon Osdo Mi wo4 e050) e200 
2 2.25 75-00) 5.34 4749 (478640692502 12795 41.84 §°60) 210 
Si1584 5.94 (7/63 27440430) oS een dL edOe Gr sao 0G 
41-86 9)4..73)) 16.03 4.85") 4.086 69 id 46 27 86.41 .24 .05 
Da dd 6-43 7-0 Dead sO 04. Sooo Oe nba) 91. .46 .26 .20 
G6) 1284-°3°60 6.74 4°89 75.86) 4206. Aon td3 80) 454.) 227° .09) 207 
Average 
Wt. & Length Average Fresh Average Dry Weight erage 
(gram) (mm) Weight in grams of In grams of 
of Seed Root Shoot Plant Root Shoot 
1 -4407 US} 7/ .3495 2.1925 2.5420 .0239 -1715 .1954 
2 .3851 12.9 .3240 1.8985 2.2225 .0199 .1492 .1691 
3 .3915 1Sco .3002 2.0435 2.3437 .0197 -1519 -1716 
4 .3134 Asad .3501 1.6348 1.9849 .0191 .1164 -1355 
5 -3290 ne jea| .3259 1.6671 1.9930 .0195 -1216 .1411 
6 .2915 13.3 .3139 1.5851 1.8990 .0169 -1148 -1317 
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LARGE SEEDS 


Temperature 25°C 


11 12 
12 
18 
.05 .02 
Salay allt 
02 
-03 
02 
05 
onendS 
-13 
20 
-10 .02 


Plant 


-2167 
2391 


. 2370. 


-1822 


TABLE 20 
Series C WATER CULTURE 
Den- Average Daily Growth Increments in Centimeters 
sity JH 1 2 3 4 5 6 7 8 9 10 
HYPOCOTYL 
a 1.80 2.40) 5.65 2.25 205 
248 BLS) Pat Tia BB aes Eas 14) 
2), dgile}s assy Ali a yA 1 7] ao res eee) 
4°1.10 2.05 4.92 4.33 1.08 .10 
OleO! 73.00 4540) 3.63  .83 
FIRST INTERNODE 
1 10 AOA So at eon | AO A 
7. AG OOo. Lona eon S240) 262) 6 212 
3 SOUME oom leatan tanh 4.95) .Se228 | 97s 298th agg 
4 Oneal eon Mona Ae Sed 7 1 SQne efi 
5 O30) al onnon00i 4.70) 2.90) 250) 13 
SECOND INTERNODE 
1 ac) geht), AlePXI Baz) Pgh ea le (sy ce eee ea ts 
2 30 6.45 1.52 3.90 2.38 685513 
3 OSM Lome 40 Le 20 TOs G7ee ot oe RO 8298 
4 B12 a eeSi) eases LACT ma ebay LEGS) eee Bs 
5 UCT Site Ou PSs ee SONOS ley 
THIRD INTERNODE 
1 aa Ad ope .20 salaye alt) 
2 PL ZEN 2ST OT Ee eou Siac Od 
3 ad .18 18 15 .08 
4 .12 -12 2037 307 
5 OR ey dope Osta iO 
FOURTH INTERNODE 
1 
SHOOT 
1 1.80 2.80 6.80 6.85 4.50 3.50 4.55 3.10 1.25 .50 .25 
Bei Se SiO VON OeoT) 4080) 4,82) 4.80 2987 97.18) 07 
3 1.13 1.66 3.80 4.71 5.25 5.56 4.57 3.81 2.62 1.03 .46 
ADA ON 2rd2) 5.20) 5.55) 3.95 .4.88 3.82) 2.73 1:82) 460°. .50 
Otsu do0re70\ 4.88 3.90 5207 3.65 2:18 1.57) 2.70) 225 
Average 
Wt. & Length Average Fresh Average Dry Weight 
(gram) (mm) Weight in grams of In grams of 
of Seed Root Shoot Plant Root Shoot 
1 -4957 16.2 .5499 2.4527 3.0026 . 0295 .1872 
2 .5272 16.1 .6445 2.5433 3.1878 . 0331 .2059 
3 .5174 16.9 . 3644 2.6313 2.9957 .0271 -2099 
4 .3966 15.8 .3347 2.1359 2.4706 . 0193 -1629 
5 .4147 15eo .2699 2.1988 2.4687 .0189 -1699 


-1888 


TH 


12.15 
12.37 
12.48 
13.58 
13.55 


wm O1 STI © 0 
wo 
o 


05 


Average Daily Growth Increments in Centimeters 


Series D 

Den- 

sity IH 1 2 

1 1.63 2.40 5.37 

2 2d 370 1o).60 

3 PARP AD tales) 2 Sat apt | 

4 Prana Pray hsa%s) 

5 D9 MacOS oO dil 

6 2.30; 3.20) O20 

1 mee DD: 

2 45 1.38 

3 (bes fea tt 

4 31 .91 

5 .24 53 

6 .36 76 

1 

2 11 

3 01 

4 .03 

5 

6 11 

al 

2 

3 

4 

5 

6 

1 1.63 2.64 5.90 

2 Pesala tone tea Rasenlir/Sa 

3 PAPANS AIS eps 7! 

4 jee tL is tg (CA Ae: 4) 

5 1.29 2.81 6.24 

6 2.36 3.61 6.46 

Average 
Wt. & Length 
(gram) (mm) 
of Seed 

1 .2881 11.0 

2 - 2665 10.7 

3 .2444 10.8 

4 -2429 10.5 

5 . 2164 10.3 

6 -1983 10.8 
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TABLE 37 
SOIL CULTURE 


4 5 


28 


6 


HYPOCOTYL 


-26 
04 
-10 
14 
37 
06 


7 


FIRST INTERNODE 


Bt Se Ga] 
2.58 .84 
2.49 1.18 
3.29 1.14 
2.99 2.02 
2.94 1.06 


-51 
25 
32 
21 
-46 
537 


14 
07 
-08 
08 
15 
03 


SECOND INTERNODE 


s18) 26 
lt 3O 
aSa el: 
ait vezal 
09 
sil) pals) 


-57 
-50 
18 
35 
05 
-10 


49 
24 
-16 
16 
-10 


THIRD INTERNODE 


03 
04 
03 
01 
SHOOT 
4.38 2.03 1.11 
Pro fisyy Ula kent ae 7k) 
A dOeidsoilie cos 
SOL MASON OS 
3249) 2-04) ol 
3.14 1.21 .30 


Average Fresh 
Weight in grams of 


Root Shoot 
.3424 1.6683 
- 3252 1.5319 
-2609 1.4573 
-2203 1.4990 
.1504 1.2380 
-1343 1.1577 


Plant 


2.0107 
1.8571 
1.7182 
1.7193 
1.3884 
1.2920 


.25 
aryl 
520) 
.16 


04 
04 
-01 
04 


03 


67 
.35 


8 


03 


01 
01 


21 
06 
05 
06 
-01 


03 
01 


01 


27 
-08 
06 
09 
01 


9 


-01 
01 
-01 
-01 


01 


02 
01 
01 
01 


SMALL SEEDS 
Temperature 25°C 


a) ab 
-01 
01 

01 
-01 
all eG 


Average Dry Weight 
In grams of 


Root 


- 0200 
-0219 
- 0190 
.0163 
-0148 
-0157 


Shoot 


-1091 
0994 
-0907 
-0937 
- 0801 
-0762 


Plant 


-1291 
1213 
-1097 
-1100 
-0949 
-0919 


TH 


~“Is1 0 GO 0 
= 
=) 


1.16 


26.20 
22.69 
21.32 
24.36 
22.51 
21.85 


Av- 
erage 


Diam. 


(mm) 
2.8 
2.8 
27 
2.5 
2.5 
2.4 
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TABLE 38 
Series E SOIL CULTURE MEDIUM SEEDS 
Temperature 25°C 
Den- Average Daily Growth Increments in Centimeters 
sity IH 1 2 3 4 5 6 7 8 9 10 11 TH 
HYPOCOTYL 

1 2.84 4.39 6.27 1.70 15.20 
2 2.67 4.37 5.96 1.99 .27 15.26 
3 2.29) (3.53 8.11 4:07 | .19 18.19 
4 BEd ohAl 103) 22000) aS 15.79 
5 2atOleo.at) 8.03 3507) «390, \.04 17.44 
6 3.14 5.04 6.48 .68 .04 15.38 

FIRST INTERNODE 
1 Ale Sled eee edict 49 2a 9.73 
2 Amid aoileoeeon ronUOn sltON, oni NOK 9.26 
3 SP ahs Seles se etek Sie a Lest! ree y remus br italiane th | 10.78 
4 401206) 5240) 3-14 Dos 542) 15 9.70 
5 BOO RCOLeetia: 4200) wage 1640) Std 03 10.99 
6 Boa deO4 24300 (S22) .925 (326° 506 +04 10.86 

SECOND INTERNODE 
1 USM AO Con emit od c4Q00 it Oor 07 5.18 
2 BOS ER eater os. yee Oodle 46u 66) | 226) 9 01 4.16 
3 20 SOMe soled lds 0S) nod AON 203 3.74 
4 set BPR ea etsy Veet SPAN er ata 2.44 
5 SlSicaom oh 00) Ie cok, 203) S08 2.43 
6 RUS Sen o0l. 2-40), 440 408220 206 2.02 

THIRD INTERNODE 
1 Slo es Geer Ola ws na8} 
2 050 09 2207) 404 04: 7 
3 AUD eo OS” 5.07 gail! 
4 204) 52022 ~203 .10 
5 204 301. 201 5208 .07 
6 302) 02 04 

SHOOT 

1 2.04 4.80) 7.61) 5.16 3.20 2.06 2.74 1.73 .20 .09 30.43 
2 PROMmArSt ADO eo 4ou oor, aeOs) 1-Sh. 1200) 30!) 7206 28.94 
3 Zee Ol S90) 7246) 4.43) (2.40) 1068 1625) .4 226) 202) 32.91 
4 Priteeseolee G.09n6. 400.50 1.44 °9)26) <8 5.259 | 04 28.03 
5 2vlUM oA ORComOLD4. 4.91 2069596) 3940 036i 04) 1203 30.94 
6 Sol4svoeGon GoUGL) Don 3-40, 1-32). 220° “346, 1.36". 6208 28.30 
Average Av- 
Wt. & Length Average Fresh Average Dry Weight erage 
(gram) (mm) Weight in grams of In grams of Diam. 
of Seed Root Shoot Plant Root Shoot Plant (mm) 
1 .4176 Using .4172 2.3848 2.8020 . 0294 -1630 .1924 3353) 
2 -4215 13.3 .4485 2.5520 3.0005 . 0327 .1659 .1986 See 
3 .3579 115}a0} .3072 2.4495 2.7567 .0228 .1407 .1635 Dek 
4 .3304 13.0 .3574 2.0892 2.4466 . 0266 -1293 .1559 3:1 
5 . 3334 ala jer. . 2886 2.0904 2.3790 0235 .1288 .1523 3.0 
6 .3072 13.4 .5046 1.9502 2.4548 .0294 -1206 -1500 3.0 
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TABLE 39 
Series F SOIL CULTURE LARGE SEEDS 
Temperature 25°C 
Den- Average Daily Growth Incremerts in Centimeters 
sity IH 1 2 3 4 5 6 7 8 9 10> At TH 
HYPOCOTYL 

2 DA ein ro OO nee a0 dae ee 13.42 
3 D2 eh DERD Ee oLOOm nana 14.08 
4 27939 > OsAasoue eos 13.36 
5 2200 Fondo O20) 2 s00 ved Ss 14.90: 

FIRST INTERNODE 
2 PHO LOso Oe OOd MOF Doe lina 44s Ae Oo eeee aU 11.48 
3 Foo) Ue SOM acon 4 OSs DOs Ore LD 11.73 
4 300 Cen AomosOos  2ocorl Osman comune 10.73 
5 Sato ila(isy Giaoky, Glove caren vet sy SUR sR 10.10 

SECOND INTERNODE 
2 LON AT (49 CSOT AG eh bA Beet) a4 4.50 
3 silstey asi EaG PP BRy clive ce Gy tou 2118} 5.98 
4 RUBS AP Bier al) AGB Gls a2 Bini U7) 2.97 
5 Sle RAO eGo ll oe AS ain oO OL 3.06 

THIRD INTERNODE 
2 OAS ral SitemeaOaeme Ooi sane ek .30 
3 505) lO? e507) Pou 
4 S03 OU moe sn O7 -20 
5 Zion WO 2 ie 0D 18 

SHOOT 

2 27) 3.70 27.67 (6833s 4213 2e0Or eon see 09 29.71 
3 222) 3208) G40d) 16-405 239s eave Op aekO soe) ee 0S BP ai lil 
4 2/293), 95.70) 7-102 440 e300) 90 eel 20 OO es PUP aT, 
5 PAS SiG Pt Viney ear) COT aL) wale 1 GP P17) 28.25 
Average Av- 
Wt. & Length Average Fresh Average Dry Weight erage: 
(gram) (mm) Weight in grams of In grams of Diam. 
of Seed Root Shoot Plant Root Shoot Plant (mm) 
2 .4421 15.6 .2043 2.4114 2.6157 . 0287 .1719 -2006 3.4 
3 .4658 16.2 - 4839 2.7125 3.1964 . 0360 .1904 .2264 8).8- 
4 .4162 a sey / .6050 2.5739 3.1790 . 0310 .1718 . 2028 een 
5 . 3887 15.6 .3402 2.3250 2.6652 . 0260 -1585 .1845 Bioal 


The cost of printing necessitates the omission of the data from which the 
following tables are derived: 


TABLE 50 


Quintile Distribution on Successive Days for 
Seedlings Starting on Quintile I. 


Quintile 1 2 3 4 5 6 7 8 9 10 11 12 Total* 
I 15 8 8 D 4 3 P 3 3 2 2 2 42 

II 0 6 6 id, 7 6 5 5 4 5 4 4 59 

Ill 0 al 0 2 4 4 5 3 3 3 4 4 33: 

IV 0 0 0 rf 0 2 2 2 2 2 2 2 15 

Vv 0 0 1 0 0 0 L 2 a 33 33 3) 16: 

Grand Total 165. 


Mean Quintile Position 
1.00 1.53) 1.67 1°93: 22:00-2.33 2.67°2).67 2.87 2:93) 3:00) 3.00 


TABLE 51 


Quintile Distribution on Successive Days for 
Seedlings Starting on Quintile II. 


Quintile if 2 3 4 5 6 7 8 9 10 11 12 Total* 
I 0 5 4 7 7 6 6 6 6 6 6 6 65 

II 16 3 4 1 1 3 3 2 4 4 4 4 33: 

III 0 8 i 7 6 4 4 6 4 5 5 5 61 

IV 0 0 1 1 1 3) 3 2 2 1 1 1 16 

Vv 0 0 0 0 at 0 0 0 0 0 0 0 £ 

Grand Total 176 


Mean Quintile Position 
2.00 2.19 2.31 2.13 2.25 2.25 2:25 2:25 2.13 2.06 2.06 2.06 
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TABLE 52 


Quintile Distribution on Successive Days fer 
Seedlings Starting on Quintile III. 
Quintile 1 2, 3 4 5 6 7 8 9 10 11 12 Total* 
I 0 2 1 2 3 4 3 3 3 3 3 3 30 
Il 0 5 5 5 4 2 4 4 3 3 4 4 43 
Ut 17 i 5 2 1 4 3 3 4 4 3 3 39 
IV 0 3 5 5 6 1 2 2, 2 2 2 2 32 
V 0) 0 1 3 3 6 5 5 5 5 5 5 43 


oO 
Grand Total 187 
Mean Quintile Position 

SLOOL 2hObr Ss OOvomIevotd evo tSroniano. de Sls Koes ake “owe 


TABLE 53 


Quintile Distribution on Successive Days for 
Seedlings Starting on Quintile IV. 


Quintile 1 2 3 4 5 6 7 8 9 10 11 12 Total* 
I 0 0 1 1 1 0 2 1 1 1 1 1 10 

il 0 2 0 0 1 2 0 1 1 J 1 1 10 

til 0 1 3 2 2 2 1 1 1 1 1 1 16 

IV 12 i 1 3 2 2 2 a 4 4 4 4 33 

V 0 5 7 6 6 6 7 6 5 5 5 5 63 


Grand Total 132 
Mean Quintile Position 
4.00 4.00 4.08 4.09 3.92 4.00 4.00 4.00 3.92 3.92 3.92 3.92 


TABLE 54 


Quintile Distribution on Successive Days for 
Seedlings Starting on Quintile V. 


Quintile 1 2 3 4 5 6 7 8 9 10 11 12 Total* 
I 0 0 0 0 0 2 2 2, 2 3 3 3 17 
Il 0 0 2 3 3 3 4 4 4 3 3 3 32 
Il 0 0 p 4 4 3 4 4 5 4 4 4 38 
IV 0 5 5 2 53 4 3 3 2 3 3 3 36 
Vi 15 10 6 6 5 3 2 2 2 2 2 ? 42 
Grand Total 165 
Mean Quintile Position 
5.00 4.67 4.00 3.73 3.67 3.20 2.93 2.93 2.87 2.87 2.87 2.87 


*Total distribution exclusive of first day. 
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